We study the decays Ω − → Ξπ using heavy-baryon chiral perturbation theory to quantify the |∆I| = 1/2 rule in these decay modes. The ratio of |∆I| = 3/2 to |∆I| = 1/2 amplitudes is somewhat larger in these decays than it is in other hyperon decays. At leading order there are two operators responsible for the |∆I| = 3/2 parts of the Ω − decays which also contribute at one loop to other hyperon decays. These one-loop contributions are sufficiently large to indicate (albeit not definitely) that the measured ratio Γ(Ω − → Ξ 0 π − )/Γ(Ω − → Ξ − π 0 ) ≈ 2.7 may be too large.
Introduction
For a purely |∆I| = 1/2 weak interaction, the ratio of decay rates Γ(
would be 2. Instead, this ratio is measured to be approximately 2.7 [1] , and it has been claimed in the literature that this could signal a violation of the |∆I| = 1/2 rule [2] .
In this paper we construct the lowest-order chiral Lagrangian that contributes to the |∆I| = 3/2 non-leptonic decays of the Ω − and extract information on the couplings by fitting the observed decay rates. 1 We then compute the one-loop contributions of this Lagrangian to the |∆I| = 3/2 amplitudes in (octet) hyperon non-leptonic decays. We find that the measured |∆I| = 3/2 amplitude in Ω − decays is sufficiently large to be in conflict with the measured |∆I| = 3/2 amplitudes in (octet) hyperon non-leptonic decays. This is not a definite conclusion because the combinations of couplings that appear in the two cases are different.
Chiral Lagrangian
The chiral Lagrangian that describes the interactions of the lowest-lying mesons and baryons has been discussed extensively in the literature [4, 5, 6] . It is written down in terms of the 3 ×3 matrices φ and B which represent the pseudoscalar-meson and baryon octets, and of the Rarita-Schwinger tensor T µ abc which describes the spin-3/2 baryon decuplet (we use the notation of Ref. [7] ). The octet pseudo-Goldstone bosons enter through the exponential Σ = exp(iφ/f ). The field T µ abc satisfies the constraint γ µ T µ abc = 0 and is completely symmetric in its SU(3) indices, a, b, c [6] . Its components are (with the Lorentz index suppressed)
interactions of the pseudoscalar-meson and baryon octets as well as the baryon decuplet is given by [5, 6] 
where ∆m denotes the mass difference between the decuplet and octet baryons in the chiralsymmetry limit, S µ v is the velocity-dependent spin operator of Ref. [5] , and
Within the standard model, the |∆S| = 1, |∆I| = 3/2 weak transitions are induced by an effective Hamiltonian that transforms as (27 L , 1 R ) under chiral rotations and has a unique chiral realization in the baryon-octet sector at leading order in χPT [8] . Similarly, at lowest order in χPT, there is only one operator with the required transformation properties involving two decuplet-baryon fields, and there are no operators that involve one decuplet-baryon and one octet-baryon fields [7] . The leading-order weak chiral Lagrangian is, thus,
The non-zero elements of T ij,kl that project out the |∆S| = 1, |∆I| = 3/2 Lagrangian are T 12,13 = T 21,13 = T 12,31 = T 21,31 = 1/2 and T 22,23 = T 22,32 = −1/2. For purely-mesonic |∆S| = 1, |∆I| = 3/2 processes, the lowest-order weak Lagrangian can be written as
and the constant g 27 is measured to be about 0.16 [10] .
It is simple to see that the only contribution from these lowest-order Lagrangians to Ω − → Ξπ decays is via kaon poles, of O(p). The weak Lagrangian in Eq. (5) does not contain any couplings for the Ω − . This is easy to understand in terms of isospin: since the construction couples two decuplet fields and has ∆S = 1 and |∆I| = 3/2, it is not possible to involve the Ω − which has isospin zero.
2
Before deriving the desired higher-order Lagrangian, we remark that we only need one that generates the P-wave components of Ω − → Ξπ. The reason is that, experimentally, the asymmetry parameter in these decays is small and consistent with zero [1] , indicating that they are dominated by a P-wave. We will, therefore, ignore any possible D-wave in our discussion.
To construct the next-order Lagrangian, O(p), we form all possible 27-plets with one decupletbaryon field, one octet-baryon field and one pion field (that enters through A µ ). Employing standard techniques, 3 we treat the combinationB ab A cd T ef g as a tensor product (8 ⊗ 8) ⊗ 10 and find five different operators that transform as 27-plets, two of which contain couplings that include the Ω − .
Their irreducible representations are
wherē
Tr B A .
The tensor I ab,cd satisfies the symmetry relation I ab,cd = I ba,cd = I ab,dc = I ba,dc and the tracelessness condition I ab,cb = 0, as does I ′ ab,cd . With these building blocks, the Lagrangian that transforms as (27 L , 1 R ) and generates ∆S = 1, |∆I| = 3/2 transitions including Ω − fields can be written as
This Lagrangian contains the terms
From this expression, one can see that the decay modes Ω − → Ξπ measure the combination
. Since the decays Ω − → ΣK are kinematically forbidden, and since three body decays of the Ω − are poorly measured, it is not possible at present to extract these two constants separately.
In the heavy-baryon formalism, we can write the amplitudes as
where the u's are baryon spinors, k is the outgoing four-momentum of the pion, and only the dominant P-wave piece is included. The |∆I| = 3/2 amplitudes satisfy the isospin relation
Summing over the spin of the Ξ and averaging over the spin of the Ω − , one derives from Eq. (14) the decay width
Using the measured decay rates [1] and isospin-multiplet average masses, we obtain the amplitudes
up to an overall sign, where the relative sign between the amplitudes is chosen so that the |∆I| = 1/2 rule is approximately satisfied. Upon defining the |∆I| = 1/2, 3/2 amplitudes
respectively, we can extract the ratio
which is similar to the result of Ref. [10] . This ratio is higher than the corresponding ratios in other hyperon decays [7] , which range from 0.03 to 0.06 in magnitude, but not significantly so.
At tree level, the theoretical P-wave amplitudes arise from the diagrams displayed in Figure 1 . The contact diagram, Figure 1 (a), yields
whereas the kaon-pole diagram, Figure 1 (b), gives
The value of the constant 3C 27 + C ′ 27 can be extracted using the expression The kaon-pole term turns out to be small, being less than 10% of the experimental α (Ω) 3 , and so it will be neglected. Taking f = f π ≈ 92.4 MeV, we then find
This value is consistent with power counting, being suppressed by approximately a factor of Λ χSB with respect to the β 27 found in Ref. [7] .
Octet-Hyperon Non-leptonic Decays
We now address the question of the size of the contribution of L w 1 in Eq. (12) to octet-hyperon decays at one-loop. 4 There are two terms in the amplitude for the decay B → B ′ π, corresponding to Sand P-wave contributions. In our calculation we refer exclusively to the |∆I| = 3/2 component of these amplitudes. We follow Refs. [7, 11] to write the amplitude in the form
where k is the outgoing four-momentum of the pion. There are four independent amplitudes, and, as discussed in Ref. [7] , we choose them to be Σ + → nπ
Contributions of L w 1 to the S-and P-wave decay amplitudes at the one-loop level arise only from the diagrams of Figure 2 , and they can be expressed in the form Implicit in this form is the prescription of Refs. [11, 7] in which only the non-analytic terms are kept. Interestingly, the only non-vanishing contribution to S-wave amplitudes occurs for Σ decays and it is finite. Our results are
Results and Conclusion
The contributions from Eq. (12) to octet-baryon non-leptonic decay can be summarized numerically in terms of C 27 and C ′ 27 as follows:
= −100.6 C 27 + 60.38 C 
Here, we have employed the parameter values D = 0.61, F = 0.40, C = 1.6, and H = −1.9, obtained in Ref. [12] . The measured rates for Ω − → Ξπ only determine the combination 3C 27 +C ′ 27 , as indicated in Eq. (22). As an illustration of the effect of these terms on the octet-hyperon nonleptonic decay, we present numerical results in Table 1 , where we look at four simple scenarios to satisfy Eq. (22) in terms of only one parameter. For comparison, we show in the same Table the experimental value of the amplitudes as well as the best theoretical fit at O(m s log m s ) obtained in Ref. [7] . The new terms calculated here (with µ = 1 GeV), induced by L w 1 in Eq. (12) , are of higher order in m s and are therefore expected to be smaller than the best theoretical fit. A quick glance at Table 1 : New |∆I| = 3/2 contributions to S-and P-wave hyperon decay amplitudes compared with experiment and with the best theoretical fit of Ref. [7] . Here C 27 and C Table 1 shows that in some cases the new contributions are much larger. Another way to gauge the size of the new contributions is to compare them with the experimental error in the octet-hyperon decay amplitudes. Since the theory provides a good fit at O(m s log m s ) [7] , we would like the new contributions (which are of higher order in m s ) to be at most at the level of the experimental error. From Table 1 , we see that in some cases the new contributions are significantly larger than these errors. In a few cases they are significantly larger than the experimental amplitudes. All this indicates to us that the measured Ω − → Ξπ decay rates imply a |∆I| = 3/2 amplitude that may be too large and in contradiction with the |∆I| = 3/2 amplitudes measured in octet-hyperon non-leptonic decays.
Nevertheless, it is premature to conclude that the measured values for the Ω − → Ξπ decay rates must be incorrect because, strictly speaking, none of the contributions to octet-baryon decay amplitudes is proportional to the same combination of parameters measured in Ω − → Ξπ decays, 
where we have simply combined the errors in quadrature. The contribution from Eq. (12) to this combination is S 
which falls within the error in the measurement.
Our conclusion is that the current measurement of the rates for Ω − → Ξπ implies a |∆I| = 3/2 amplitude that appears large enough to be in conflict with measurements of |∆I| = 3/2 amplitudes in octet-baryon non-leptonic decays. However, within current errors and without any additional assumptions about the relative size of C 27 and C ′ 27 , the two sets of measurements are not in conflict.
